To convert degrees Celsius ( C) to degrees Fahrenheit ( F) use the following equation:
(9/5) C + 32
The following terms and abbreviations also are used in this report: Temporal variability (even during steady flow conditions) is recognized to be an inherent component of the bedload-transport process. However, continuous measurements of bedload-transport rates, which may facilitate the characterization of such variability, in well-defined circumstances, are rare. The purpose of this report is to present two data sets, consisting of channel-wide measurements of bedload-transport rates that were made continuously, over periods of several hours. The data document temporal variations in bedload-transport rates that occurred during essentially steady flow conditions and were associated with the progressive development of an armored surface, as indicated by the field data (Gomez, 1983) , and the downstream migration of single-row alternating bars in the laboratory (Basil Gomez and others, U.S. Geological Survey, written commun., 1988) FIELD SETTING AND SAMPLING PROCEDURES The Borgne d'Arolla is a northward-flowing, predominantly glaciersupplied stream which has its source in the Val d'Arolla, Valais, Switzerland ( fig. 1) . It joins the River Rhone about 2 km upstream from Sion. At the head of the Val d'Arolla, flows in the Borgne d'Arolla are regulated as part of a regional hydro-electric power scheme, and all meltwater from the five glaciers that normally would supply the stream is diverted, through a series of intakes, eastward across the drainage divide into the Lac des Dix. Consequently, flows in the Borgne d'Arolla, for a distance of 2 km downvalley from the terminus of the Bas Glacier d'Arolla are intermittent, and baseflows depend entirely on the water that is supplied from six small streams that drain the western slopes at the head of the valley. In addition to storm-generated flood peaks, peak flows were generated, almost on a daily basis, by controlled purges, designed to flush sediment from traps that were located immediately upstream from the intakes. In the section of the perennial channel upstream from Arolla, peak discharges during a major purge were about 1.83 m3 /s, and peak flows during minor purges approximately 0.65 m3 /s. Baseflows were of the order of 0.15 m3 /s.
Sampling was undertaken 2.45 km downstream from the terminus of the Bas Glacier d'Arolla, in a 4-m-long reach ( fig. 1 ) where the bed was plane and predominantly composed of material that was finer than 16 mm in diameter. This reach was located at the downstream end of a steep, boulderstrewn section of the channel, at a point where the cross-section exhibits a stable, well-defined form that was maintained by the presence of two large boulders. The entire flow was routed between these boulders at all stages, except those approaching bankfull. A series of boulders marked the beginning of the succeeding steep, boulder-dominated reach. The approach to the reach was marked by a scour pool and a small, longitudinal bar, which was submerged during purges, but which protruded above the water surface during periods of baseflow. During periods of baseflow, streambed width was approximately 3.8 m, the flow depth rarely exceeded 0.15 m, and the water was clear. During minor purges, when the width of the flow expanded to 5.5 m and the mean depth increased to 0.25 m, suspended-sediment concentrations in excess of 190,000 mg/L were associated with the passage of the flood peak.
Hydraulic Data
Water temperature varied between 3 and 8 C during the sampling period. The flow depth was measured at each bedload sampling point. A virtually coincident measure of the flow velocity was obtained at each bedload sampling point with a current meter. The current meter was mounted on a wading rod, and had a propeller located 19 mm above the bed on the same plane as the center of the sampler, 150 mm to one side and slightly forward of the entrance. The flow depth and flow velocity measurements made at each vertical are listed in table 1. The estimates of stream power (pYSu) listed in table 2 are based on the active bed width and use unweighted averages of the flow depth and flow velocity for a single traverse (these unweighted averages are based upon the hydraulic data listed in table 1) , and on the average water surface, slope during the sampling period. The water surface slope was computed in relation to two levelled stage markers located at either end of the reach, which were read periodically throughout the sampling period. It should be noted that the progressive decline in stream power, that apparently occurs towards the end of the sampling period (table 2) , is an artifact of the computation of stream power with respect to the active bed width which contracted at that time, while the width of the cross section that was occupied by the flow remained virtually constant.
Bedload Sampling
Bedload was sampled in the Borgne d'Arolla on August 17, 1979 , between 1021 and 1610 hours, and on August 19, 1979 , between 0947 and 1402 hours, using a half-size version of the standard Helley-Smith sampler (Helley and Smith, 1971 ) with a geometrically similar nozzle, made from 6-mm mild steel. The sampler bag was made from 0.5-mm mesh poylester monofilament and the sampler was mounted on a wading rod. Samples were obtained at 0.2-or 0.3-m intervals across the 3.8m width of the baseflow channel. The number of samples that was obtained during a single traverse depended on the width of the active bed. The sampler remained in position on the bed for 30 seconds at each sampling point. 19, 1979 , are listed in table 3. The particle size distributions of the bedload samples have been truncated at 0.5 mm in accordance with the nominal retention property of the mesh from which the sampler bag was made.
Bed-Material Sampling
Samples of the surficial and subsurface bed material were obtained on August 18, 1979, from within a 3-m-long by 4-m-wide area of the bed. The sampling area was centered upon the bedload-sampling traverse and located in the midsection of the active bed. Areal samples, from the mobile and static bed surfaces, were obtained using a 150 mm2 adhesive pad, and the contact sampling technique described by Gomez (1979) . A total of 40 samples were obtained from mobile areas of the bed surface, and 39 from those areas where the bed surface was static. A single 10-kg volumetric sample of the subsurface bed material was obtained from the center of the sampling area after the surficial material had been scraped away. Average particle-size distributions for the two sets of surficial samples and the particle size distribution of the subsurface bed material are listed in table 3. The particle size distributions of the surficial bed material have been truncated at 0.5 mm because the contact sampler was incapable of accurately sampling smaller particles. The-areal samples were transformed to their volumetric equivalents by applying a conversion factor of D°-5 . D° & was selected, as opposed to the factor of 1/D which was recommended by Kellerhals and Bray (1971) , purely as an empi'rical expedient to discount the appearance of (transient) fine material on the armored streambed.
LABORATORY SETUP AND OPERATING PROCEDURES
The laboratory experiment was undertaken in the 160-m-long, 4-m-wide, and 2-m-deep steel, fixed-bed flume ( fig. 2) at the Environmental Research Center, University of Tsukuba, Japan, during July 1987. The flow rate was maintained by a constant head tank that was supplied with water from the main reservior by three pumps. Ungraded sediment, which initially was used to supply the feed system, was graded and dumped in stockpiles. Subsequently, sediment was drawn from the stockpiles and supplied to the flume. As a result, the particle-size distribution of the sediment and the rate at which it was supplied to the upstream end of the flume could be controlled precisely. At the downstream end of the flume, the water and sediment were discharged into a settling tank. The water then flowed into a pond, where it was returned to the main reservoir, and the sediment was removed by the recovery conveyor, which formed the floor of the settling tank. The recovery conveyor then dumped the sediment onto the weighing conveyor. This conveyor was connected to a load cell that continuously monitored the bedload-transport rate across the entire width of the flume. Thereafter, the sediment was returned to the sieves, graded and stockpiled. Further details about the 4-m wide flume are provided by Inokuchi and others (1980) and Ikeda (1983) .
Flume Operation
Water discharge was set prior to the start of the experiment, as were the height of the tailgates, which controlled the elevation of the water surface and the bed at the downstream end of the flume, and the sedimentsupply rate; this was done to create the desired bed slope. Equilibrium conditions were considered to have been established once the average bedload-transport rate which was measured at the downstream end of the flume, approximated over a period of several hours the rate at which sediment was being fed into the flume, and the bed slope had stabilized. Thereafter, the run commenced. The normal operating practice was to drain the flume and shut it down overnight. During startup, water was let into the channel and the flow deepened gradually, so as not to disturb the bed. The startup and shutdown procedures were usually accomplished within a few minutes, and little or no disruption to the transport process was occasioned by these practices. Water temperature varied between 24.8 and 26.1 C during the experiment.
Steady flow (Q -0.542 m3 /s) and equilibrium transport conditions were maintained throughout the experiment. The average supply rate was 0.134 (kg/m)/s (immersed mass). All sediment transport occurred in the form of bedload, and single-row alternating bars were the predominant bedform. The total run time of the three-day experiment was 19.5 hours.
Hydraulic Data and Bedload Measurements
Water surface-slope was calculated (at 5-minute intervals) with reference to the water level in two stilling wells located 64.2 m apart (89.7 m and 153.9 m downstream of the entrance to the channel). The inlets to these wells were located on one side of the flume (rather than in the center of the channel), and the data are biased accordingly. Estimates of stream power (pQS/W) based upon these data are listed in table 4. The continuous record of bedload transport was averaged for a 5-minute time interval to provide a temporally integrated measure of the prevailing bedload transport rate. Spatially integrated (stream-wide) unit bedloadtransport rates (immersed mass) for each 5-minute interval are listed in table 4.
Volumetric samples of the bed material were removed from the weighing conveyor at 5-minute intervals throughout the experiment. The median particle size and sorting coefficient (Trask, 1930) of each sample are listed in table 5. Although the supply of sediment was a well-sorted gravel, the subsurface bed material, which already was present in the flume, contained an appreciable quantity (about 15 percent) of sand. This sandy substrate was scoured during the passage of bar troughs through the bedload trap. The size of the bedload generally was smaller than average at these times. Average particle-size distributions of the sediment supply and subsurface bed material are listed in r~i~i
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